Cone beam computed tomography (CBCT) was first introduced in the early 1980s as a new technique for dental imaging and preoperative evaluation of dental implants.
a CBCT with a gantry of 58-cm patient aperture and a movable table. Its design resembles a small multidetector computed tomography (MDCT) machine and allows the extremities (upper arm and leg) to be put in (►Fig. 1). This renders our CBCT machine suitable to study peripheral joints (knee, ankle, foot, elbow, wrist, and hand). Horizontal scan positioning allows us to examine trauma patients who are unable to remain stationary in a vertical position during the scan.
This article presents a pictorial overview of the clinical usefulness of this evaluation technique for trauma of small bones and joints.
Basic Principles
Technique ►Fig. 2 summarizes the major differences in imaging acquisition between CBCT and conventional MDCT. CBCT uses a cone-shaped beam and a flat panel detector, whereas in MDCT a fan-shaped beam moves helically around the patient and falls on a linear detector. The software reconstructs twodimensional (2D) images into a three-dimensional volume data set of images.
Advantages
The acquisition of the entire scan volume in only one rotation in CBCT results in a lower radiation dose compared with Keywords ► small bones ► trauma ► cone beam CT
Abstract
Evaluation of trauma of small bones or joints is traditionally done by conventional radiographs (CRs). Although multidetector computed tomography (MDCT) has a better sensitivity than CR in fracture detection and evaluation of complex fractures, high doses of radiation prevent systematic use of MDCT in fracture evaluation. Cone beam computed tomography (CBCT) combines a high spatial resolution and relatively low radiation dose and is therefore a very valuable technique to evaluate trauma of small bones and joints in patients with negative or doubtful radiographs and a high clinical suspicion for fractures or when complex fractures are suspected. CBCT may also be useful for the evaluation of chronic trauma or follow-up of fractures.
MDCT. 6, 7 In a previous study on CBCT of small joints, the effective dose (ED) ranged between 1 and 15.3 µSv applying a conversion factor of 0.01 mSv/Gy Â cm 2 for peripheral joints, which is far below reported values for MDCT. However, these values are still considerably higher than the ED for conventional radiographs (CRs; 0.07-5 µSv).
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Because the dose depends on field of view (FOV), it would be possible to further diminish the ED by decreasing the FOV. Ideally, the area of interest has to be predefined by meticulous clinical examination before the acquisition starts to avoid unnecessary irradiation.
Other advantages of CBCT include higher spatial resolution ranging between 300 µm (standard scan) and 75 µm (high resolution), reduction of metal artifacts (e.g., for postoperative assessment of osteosynthesis), 3 and the relatively low cost of the equipment compared with MDCT. 14 With the equipment used in our department, the programmable FOV ranges from 6 Â 6 cm to 18 Â 16 cm. As a consequence, CBCT is restricted to examining small bones and joints and lacks the overview of a large area compared with CR. Another major drawback is the relatively long acquisition time of 30 to 40 seconds, resulting in increased susceptibility to motion artifacts. Therefore, the technique is less appropriate for patients who cannot be immobilized properly, such as young children or the elderly with tremor. 3, 7 ►Table 1 lists the advantages and disadvantages of the musculoskeletal CBCT.
Acute Trauma
Although CR remains the primary modality to evaluate fracture, it is a 2D projection imaging technique that may result in underestimation of fracture lines that are not in line with the incident X-ray beam. 10 In our series, CBCT has proven to detect up to 28% more fractures compared with 
10
In our series, CBCT examination was generally more time consuming than CR for the radiology technician (more precise patient positioning and longer scan time and postprocessing and reconstruction).
7 On the contrary, Huang et al reported less imaging time for CBCT compared with CR and MDCT, thus not impeding normal clinical workflow. 10 For the radiologist, CBCT burden on the workflow is relatively limited because it takes on average only 30 to 50 seconds longer to interpret a CBCT examination (consisting of a data set of multiple images) than to evaluate a conventional radiographic examination (two up to six radiographs). 
Elbow
CBCT is particularly useful to detect radiographically subtle and nondisplaced radial head fractures (►Fig. 3) and for staging of intra-articular fractures with entrapment of fragments within the elbow joint.
7,10

Wrist and Hand
CBCT is a superior alternative to radiography, allowing more accurate diagnoses of wrist (►Figs. 4 and 5), carpal (►Figs. 6 and 8), and finger fractures 8,9,12 (►Fig. 9). However, CBCT cannot completely exclude occult scaphoid fractures, and magnetic resonance imaging (MRI) is most sensitive for this purpose.
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Knee
The overall gain of increased fracture detection in the knee joint has to be further examined because there are relatively few data on the knee joint. 7 CBCT seems useful for evaluation of nondisplaced patellar fractures and differential diagnosis with a normal developmental variant such as multipartite patella (►Fig. 10).
Ankle and Foot
The ankle, particularly the Chopart and Lisfranc joints, consists of a complex anatomical area, in which overlapping bones cause underestimation of fractures on CR (►Fig. 11). In case of unexplained soft tissue swelling in the ankle and foot, we highly recommend a more liberal use of CBCT for detection of fractures that are not clearly visible on CR (►Figs. 12-14). In addition, evaluation of fracture extension and complexity is definitively improved 15 (►Fig. 15).
Chronic Trauma
MRI is the definitive gold standard for early detection of stress reaction and fractures (►Fig. 16). Because CBCT is a quick and readily available technique, it may have a role in evaluation of overuse of sesamoid bones of the hallux (►Fig. 17) and assessment of painful accessory bones (►Fig. 18). Due to its exquisite high spatial resolution, CBCT combined with arthrography is very accurate for the staging of cartilage lesions (►Fig. 19), osteochondritis dissecans, osteochondral fractures 3 (►Fig. 20), evaluation of (posttraumatic) loose (►Fig. 22). In claustrophobic patients or for evaluation of potential retears in the postoperative meniscus, it may be an alternative for MRI of the knee, particularly in patients with equivocal findings on MRI (►Fig. 23).
In complex anatomical areas, such as the tarsal bones, CBCT allows a precise evaluation of the extent of premature posttraumatic osteoarthritis (►Fig. 24).
Follow-up of Trauma
Compared with CR, CBCT enables a better evaluation of fracture healing and the degree of surgical fusion. Overlapping bones and casts, splints, and hardware may obscure correct interpretation of subtle callus formation on CR. Cross-sectional imaging may be very helpful in this scenario. 10 Compared with MRI, there is no disturbance of surrounding bone by metal artifacts, and in this regard CBCT is suited for follow-up of subtle bone lesions adjacent to the fracture site 3,4 (►Fig. 25). CBCT is also a promising technique for monitoring fracture healing in the long bones 19 and scaphoid fractures 3,20 (►Fig. 26).
Conclusion
Compared with CR, CBCT has an increased sensitivity in detecting small bone and joint lesions, particularly complex (intra-articular or comminuted) fractures. Despite its higher radiation dose than CR and the longer interpretation time, CBCT is a very valuable technique to evaluate trauma of small bones and joints in patients with negative radiographs or doubtful fractures and a high clinical suspicion for fractures or when complex fractures are suspected. In addition, CBCT may be useful for the evaluation of chronic trauma or follow-up of fractures, although less sensitive than MRI. 
